The conservation equations for the axisymmetric supersonic inviscid flow problem with magnetohydrodynamic (MHD) forces present are taken to be
The primary purpose of the work that follows is deriving the characteristic equations corresponding to the above system and noting an appropriate set of relations for the MHD effects that would be solved simultaneously with the characteristic equations.
The manner in which the results of the following derivation can be made applicable to the two-dimensional problem is indicated in Section V.
Coupled with the conservation equations are five auxiliary relations which must also hold.
J,B = f 2 i<f>) (8)
Equation (5) is the definition of total enthalpy. Equation (6) is the equation of state. It is assumed that f Q has continuous first derivatives with respect to p and h. Equations (7), (8), and (9) are intended to assert that the MHD forces are known continuous functions of <f>.
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The reader is reminded that, for the axisymmetric problem, f"i, £2, and f3 must obey the appropriate laws of symmetry. *■ An explicit set of conditions for the MHD relations is noted in Section VI. For the derivation of the characteristic equations, however, it is convenient not to introduce these cumbersome expressions.
As this is a problem of deriving the characteristic equations corresponding to Eqs. (1), (2), (3), and (4) and not one of actually solving the equations, boundary and initial conditions need not be specified.
SECTION II CHOICE OF VARIABLES
The independent variables in Eqs. (1), (2), (3), and (4) are x and y. The dependent variables are u, v, p, and h, partly as a matter of choice. It is desirable, therefore, to rewrite the system of partial differential equations so that derivatives with respect to the independent variables of only the dependent variables appear. For example, since p is not a dependent variable and in lieu of Eq. (6) " . dp dp d p dp d h d x dp d x d h d y.
-5-and -^r-can be obtained from Eq. (6), and ^*-and -z-are derivatives op ah ox ox of dependent variables with respect to an independent variable (dependent derivatives).
The desired form of Eqs. (1), (2), (3), and (4) is 2 <?u d v dp d p dp d p dp d h dp d h ," _.. Notice that the above equations can be interpreted as a system of four linear algebraic equations in eight unknowns, the unknowns being the dependent derivatives. Also, by definition,
(15) dp , dp
whenever these differentials exist. Equations (10) through (17) are, therefore, a system of eight linear algebraic equations in eight unknowns .
This concept, that of coupling the given differential equations with the equations defining the dependent differentials, and interpreting the results as a system of linear algebraic equations, is fundamental to this method of deriving the characteristic equations.
As much of what follows is directly related to the system of eight equations, they are presented according to a convenient format in the following illustration. 
SECTION III DEFINITION OF THE CHARACTERISTICS
With the introduction of a limited amount of matrix notation, the definition of the characteristic equations can be conveniently and simply stated.
Let X be the 8 by 1 column^vector, the components of which are the dependent derivatives, and let Y be the 8 by 1 column vector whose elements are the right-hand side of the system of equations. 
SECTION IV DERIVATION OF THE CHARACTERISTIC EQUATIONS
The purpose of this section is to determine the equations that follow on requiring that R(A) = R(C) S 7. These results will be derived in l For any matrix K, R(K) denotes the rank of K.
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Part I and Part II. Certain special cases will be treated in Part III.
PART I
Since C is the A augmented matrix, it follows that R(A) < R(C) necessarily (Ref. 3, p. 15 ).
Let B be the 8 by 8 matrix obtained by replacing any column of A (say the first column for definiteness) with the elements of Y. Then R(C) < 7 only if det 5 (A) = 0 and det (B) = 0 simultaneously.
The result of setting det (A) = 0 and simplifying is
where, because of the choice of dependent variables^. dp dp Equation (24) is known as the compatibility equation along a left or right running characteristic.
From Eq. (19) either udy -vdx =0 (21) or
When Eqs. (22) and (24) 
PART Ifl
The characteristic equations for the two-dimensional case are exactly the same as those previous!}' derived except that the term containing the factor v/y in Eq. (24) is replaced with zero. 
The characteristic equations for either the axisymmetric or twodimensional case are now summarized for convenience. Along a left or right running characteristic 
Equations (35) and (36), an elliptic system of equations, can be uncoupled from the remaining equations. If "reasonable" boundary conditions are imposed on these two equations, a closed form solution can be obtained giving E x and Ey as functions of position only. Hence, assuming E to be a known function of position, an attempt can be made to solve the scalar equations corresponding to Eqs. 
The total system of MHD relations can be summarized as
E y -g,Uy) (46)
J y = a(E y -uB)
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APPENDIX I SONIC SPEED RELATIONS
It was mentioned earlier that the only assumption necessary on the type of gas being considered is that p be a given function of p and h with continuous first derivatives.
In order to prove that (a) as given by the relation P dh) dp'" dp ~'~) tt-V is the sonic speed, certain additional assumptions are made.
It is assumed that a differentiable relation defining entropy exists s -fc<P. 
dul. dp! d h / do
Since the Jacobian related to the above equations cannot vanish, it follows that dp/. This completes the proof. inviscid flow with magnetohydrodynamic (MHD) forces present is given -for the two-dimensional and axisymmetric case. Workable forms bf the equation relating the MHD effects are indicated for the axisymmetric problem.
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